After surgical resection, patients with glioblastoma require many aspects of care to maximize function and quality of life. Patients face a multitude of hurdles that require the expertise of a variety of specialists. Here we will review the current literature on management of glioblastoma patients after surgical resection.
Introduction
Glioblastomas (GBM), the most common primary brain tumor of adults [1] , are known to be among the most devastating of cancers. A multidisciplinary approach is required to maintain patient functionality and quality of life. Glioblastoma patients face a variety of debilitating symptoms including fatigue, cognitive changes, headaches, sleep disturbances, depression, and seizures [2] . This myriad of ailments requires collaboration between neurosurgeons, neuro and medical-oncologists, neuroradiologists, radiation oncologists, rehabilitation specialists, psychologists, psychiatrists, palliative care specialists and others. The aim of this paper is to review the current literature regarding key management topics crucial to the quality of life of these patients after surgical resection.
tients. An analysis of 28 studies found a median of a 3 month survival advantage with gross total resection when compared to subtotal resection (with a total lifespan of 14 versus 11 months respectively) [3] . Additionally, gross total resection has been shown to improve Karnofsky scores by a mean of 6.8, where there was no improvement in the scores of the subtotally resected group [4] . The extent of surgical resection is limited by the tumor's infiltration of eloquent areas such as the motor strip. Because of the nature of malignant gliomas to diffusely spread the main tumor mass, surgery will never be curative [5] . Even a hemispherectomy as pioneered by Walter Dandy in 1928 resulted in reoccurrence and did not improve overall survival [6] .
After surgery, most patients follow the "Stupp protocol" [7] , receiving external-beam radiation for 60 Gy in 30 fractions 5 days a week concurrent with temozolomide (an alkylating agent) 75 mg/m 2 /day orally on days 1 -42. Upon completion of radiation therapy, and after a 28-day break, temozolomide is administered at higher doses of 150 -200 mg/m 2 /day orally on days 1 -5, and every 28 days thereafter [7] - [11] . When progression is found, patients are then typically managed at the discretion of the treatment team which may include a combination of additional surgery, radiotherapy and additional chemotherapies. Overall, this addition of temozolomide to standard radiation therapy afforded a median survival benefit of 2.5 months (14.6 versus 12.1 months), with a progression free survival advantage of 1.9 months (6.9 versus 5.0 months) [7] , and was found to increase the overall five year survival rate from 1.9% to 9.8% [12] .
Neurosurgical Considerations
GBMs diffusely infiltrate surrounding brain parenchyma, making complete resection difficult or impossible. However, surgical resection can reduce intracranial pressure and reverse loss of neurological function from mass effect of the tumor and related vasogenic edema. Eloquent areas of the brain invaded by tumors, such as Broca's area and the motor strip, pose a neurosurgical challenge. Surgical technologies currently used to minimize damage to these areas include neuromonitoring and awake brain surgery [13] , intraoperative corticography and stimulation, navigation-assisted surgery [14] and intraoperative MRI (iMRI) assisted surgery [15] . Tumor-specific fluorophores, such as 5-aminolevulinic acid (5-ALA), are actively being investigated for tumor resection during surgery. Surgical resection with use of both 5-ALA with iMRI has been shown to improve the extent of resection in randomized controlled trials [16] [17] . Use of these modalities increased the progression-free survival but unfortunately has not been shown to increase overall survival [16] . After surgery, patients face edema, intracranial hemorrhage, infarct and direct injury to the brain tissue, all of which can cause neurological deficits. As explored elsewhere in this review, cerebral edema can be managed with corticosteroids, such as dexamethasone. Intracranial hemorrhage after surgery can be treated with expectant management versus surgical evacuation, based on the size and neurologic impact. Direct injury, mechanical injury and infarction from neurological surgery should be treated with rehabilitation [18] [19] .
Adverse Effects and Management of Radiation and Chemotherapies
Three-dimensional conformal external beam radiation therapy (EBRT) is the standard method of radiation therapy delivery after surgical resection for GBM [20] . Radiation therapy is generally well tolerated, with most side effects seen in the pediatric population. Risks of radiation therapy include radiation dermatitis and alopecia [21] , cognitive and endocrine dysfunctions, myelopathy, radionecrosis, vasculopathies, visual and hearing loss, the induction of secondary tumors including meningiomas, sarcomas and even gliomas [22] - [27] . For radiation induced dermatitis, over-the-counter emollient cream is used, or for more severe cases, topical steroids [28] . Cognitive dysfunction including learning issues and memory development is more pronounced when radiation treatment involves the hippocampus, providing rational for sparing the hip-pocampus when considering treatment planning for an increased quality of life [29] . Radiation therapy is well known to cause cerebral edema; however, in the authors' experience, corticosteroids are not commonly used unless symptomatic cerebral edema exists. In the case of symptomatic cerebral edema during radiation therapy, corticosteroid therapy, such as dexamethasone, is maintained and tapered down to the lowest permissible dose after completion.
Before temozolomide was introduced as a treatment, mainstream therapy for chemotherapy sensitive gliomas was PVC (procarbazine, lomustine and vincristine) therapy, which commonly induces myelosuppression, nausea and fatigue [30] . Studies have shown temozolomide as a more tolerable treatment with less myelosuppression and less frequent de-escalation of therapy [30] , however many patients suffer from significant hematologic side effects and do not tolerate the entire six cycles of treatment. To mitigate these effects, a dose reduction of temozolomide can be attempted but is generally discontinued when less than 100 mg/m 2 /day is required based on blood counts. Treatment of chemotherapy induced nausea has been described in detail elsewhere [31] and includes a variety of agents such as dexamethasone, 5-HT 3 antagonists such as granisetron, ondansetron and the dopamine D 2 receptor antagonist metoclopramide. Treatments tailored based on patient response and clinician preference. Nausea treatment options are further explored in other sections of this review.
Therapies under Investigation
There are only a limited number of phase III clinical trials showing any benefit with medical therapies in glioblastoma patients (Table 1) . However, there are numerous investigations in alternative therapies including gene, immune and targeted therapies [32] - [34] . Targeted therapies for glioblastoma have been challenging due to signal pathway redundancies [35] . One notable exception is targeting of BRAF V600E mutations, found in 50% of epithelioid glioblastomas, with the BRAF inhibitor vemurafenib showing a therapeutic response in children with the BRAF inhibitor vemurafenib, which has shown a therapeutic response in case reports with children with BRAFV600 Emutated tumors [36] - [37] . Investigations are premature, but have a promising future [32] [35] . Addition of bevacizumab to radiotherapy and temozolomide for newly diagnosed glioblastoma Longer progression-free survival (10.6 months vs. 6.2 months) with the addition of bevacizumab [73] Bevacizumab and lomustine for treating first recurrences Progression-free survival was 4.17 months with combination treatment vs. 1.54 months of those receiving only lomustine [74] Cediranib as monotherapy, and in combination with lomustine, versus lomustine alone in patients with recurrent glioblastoma Cediranib produced a modest decreased time to deterioration in neurologic status, corticosteroid-sparing effects [75] Immune based therapies are an active area of interest and include investigations of peptide based vaccines, check point inhibitors, gene-based therapies and, recently, the development of chimeric antigen receptors. Investigations of targeted peptide and autologous tumor lysate therapies have shown promising results [38] , but have not demonstrated efficacy in phase III trials to date. The peptide based vaccine rindopepimut epidermal growth factor receptor variant III (EGFRvIII), a mutation found in about one third of glioblastoma patients [39] . This did not demonstrate survival benefits with the follow-up phase III ACT IV trial in combination with standard therapy in EGFRvIII-positive glioblastoma [40] . Other promising glioma-as-sociated antigens currently investigated as targets include H3.3 K27M mutations glioblastomas [41] [42], heat-shock protein peptide complex-96 vaccine [43] and peptide based vaccines honing in on IDH mutant tumors [44] . Immune checkpoint inhibitors such as programed cell death-1 (PD-1) and programmed cell death ligand 1/PD-L1, as well as cytotoxic T-lymphocyte-associated molecule-4 (CTLA-4) have been shown in clinical trials to promote cancer regression [45] but there is currently no clinical data to support the use of these therapies for glioblastoma. There are, however, active recruitment for clinical trials underway, with supporting preclinical in vivo data [46] . These therapies come with their own set of side effects including mucositis, colitis, pneumonitis and others, which have been treated with corticosteroids [47] .
There have been four gene therapy strategies investigated to treat gliomas, including oncolytic gene therapy, cytokine mediated gene therapy, tumor suppressor gene therapy and prodrug/suicide gene therapy [33] . A variety of vectors have been explored to deliver genes such as viruses, stem cells of neural, mesenchymal and embryonic origin, and synthetic nanoparticle vectors such as a cationic liposome [48] . Of these methods, viral vectors are the most commonly used since they are currently the most effective of all gene delivery methods [49] .
Tumor suppressor gene therapy aims to correct carcinogenesis from tumor suppressor genes or their related pathways [50] . Preclinical data has supported targeting tumor suppressor genes p16 INK4A , Phosphatase and Tensin Homologue (PTEN) and p53 [51] [52] [53] but no clinical trial has demonstrated benefit to date. Investigations are ongoing.
Cytokines play a crucial role in trafficking of the immune system [54] . As such, gene therapy targeting glioma cells has shown successful recruitment of immune cells leading to tumor destruction [33] [55] . A phase I study using 11 patients with stereotactic injection and using IFN-β-expressing replication-defective adenovirus showed histopathological evidence of tumor destruction. This has led to further ongoing studies [56] . Interestingly, a separate phase 1 study on five patients found 50% tumor reduction for 16 months or more in two patients with anaplastic astrocytoma [57] . In both cases, there was anaplastic astrocytoma after local administration of cationic liposomes containing the IFN-β gene [57] . Synergistic combinational approaches with the cytokine and prodrug/suicide gene therapy have also been explored with some notable examples described below.
Prodrug/suicide gene therapy has been the most common gene therapy treatment for GBM [55] . This involves the introduction of a gene of viral or bacterial origin that manufactures compounds inducing induce cancer death, such as converting a prodrug into a lethal molecule [58] . Herpes simplex virus thymidine kinase (HSV-tk) converts the prodrug ganciclovir into deoxyguanosine triphosphate which leads to early chain termination of DNA strands, leading to cell death [59] . A phase III trial evaluated intratumor injection of retrovirus (RV)-mediated transduction of glioblastoma cells with (HSV-tk) gene, a type of suicide gene, followed by treatment with systemic ganciclovir plus standard therapy which failed to show benefit [60] . However, a similar study delivering the cytokine gene for interleukin 2 (IL-2) in addition to HSV-tk gene therapy for recurrent disease showed promise with tumor response in a small number of patients [61] . Based on promising preclinical data [62] , combinational gene therapy interleukin 4 (IL-4) in addition to HSV-tk is proposed for investigation in a phase I trial [63] . Toca 511 (vocimageneamiretrorepvec) is an investigational gene therapy using cytosine deaminase delivered as a retrovirus acting as a vector [64] . Cytosine Deaminase (CD) is an enzyme found in yeast and other microbes that converts the antifungal agent flucytosine (5-FC) into the antimetabolite agent 5-fluorouracil (5-FU), thereby killing tumor cells [65] - [67] . A phase 1 trial using Toca 511 on forty-five patients with recurrent or progressive high-grade glioma who underwent standard therapy were treated by means of multiple injections into the walls of the resection cavity. Subsequently Toca FC, a form of extended-release 5-fluorocytosine, was administered. A survival benefit was seen with the treatment group for a median overall survival of 13.6 months (95% confidence interval, 10.8 to 20.0) compared to 7.1 months (95% CI, 6.01 to 8.80) for the control arm which used lomustine for treatment. Notably, few related adverse events were found in the gene therapy arm, especially compared to the control arm (3.7% versus 36.9%). Randomized phase II and III trials are currently underway [68] .
Most oncolytic gene therapy employs replication-competent viral vectors that are designed to selectively replicate in target tumor cells and release viral particles to infect adjacent cancer cells, thereby resulting in destruction [33] [55] . Viruses that have been studied as oncolytic vectors for GBM include poliovirus, Newcastle disease virus, measles virus, reovirus, parvovirus, parvovirus and conditionally replicating adenovirus [33] [55] [69] . One notable example is G207, a conditionally replicating herpes simplex virus mutant vector that is a genetically engineered HSV-1 strain lacking the genes necessary for viral replication in normal cells. This strain is able to infect non-dividing cells with p16 inactivation or deletion, such as in the case of GBM [33] [70] . A phase 1 trial administering G207 stereotactically within GBMs 24 hours before surgical resection was studied in nine patients with recurrent malignant glioma who previously underwent standard therapy. Three of the nine patients had a radiographic response to the treatment with a median survival time of 7.5 months after the first treatment (95% confidence interval: 3.0 -12.7). This occurred at a median of 18 months after diagnosis of GBM (with a range of 11 -51 months) [71] . One patient in the study was found to have an extended disease-free interval of 6 years [72] . A variety of other promising engineered oncolytic viruses are currently in early clinical trials.
Maintaining Activities of Daily Living: Rehabilitation
Previous studies have shown that rehabilitation of cancer patients improves physical functioning, fatigue, immune function, hemoglobin concentrations, potential markers of recurrence, body composition and overall quality of life [76] . Cancer rehabilitation should take into account the strong ties between social, psychological and physical components in life [77] . For the greatest preservation of function in glioma patients, occupational, physical and speech therapy should be pursued.
According to Dietz, cancer rehabilitation can be divided into four major components: preventive, restorative, supportive and palliative [78] . Preventive rehabilitation occurs when there is not yet loss of function, whether before or after treatment of can- The reality of facing a terminal illness combined with an altered body image after surgery often leads to depression in cancer patients [77] . This, as well as fatigue and other side effects that accompany chemo and radiation therapies, lead to decreased physical activity, followed by physiologic deconditioning [77] [79] . Should a patient's physical condition decline further, the focus of care should be on maintenance of activities of daily living and palliative care to maintain quality of life.
Patients should be encouraged to stay physically active through regular exercise. It has been shown that increased exercise behavior was found to be a strong independent predictor of survival in malignant glioma patients. In this study, patients that had greater than or equal to 9 metabolic equivalents (MET) hours per week had a median survival of 21.84 months versus 13.03 months for those with less than 9 MET hours per
week [80] . To put this in perspective, strenuous exercise such as running and swimming would be 8 -9 METs [80] [81] . Exercise is recommended at 5 days per week, 30 minutes per session at a brisk walk pace. There is increasing evidence that exercise modulates a variety of factors in the body including metabolism, sex-steroid hormone concentrations, immunological and angiogenic factors. This in turn may alter ligand availability in the tumor microenvironment [82] . Studies have shown that cancer patients who are informed and encouraged with telephone counseling, print-based material, step pedometers and oncologist-based advice increased their exercise behavior [80] .
Management of Cerebral Edema

Steroids
Steroids play a key role in symptom management of brain tumor patients. Steroids are used for controlling tumor-associated edema [83] - [85] , pain, nausea, vomiting and improving appetite [86] . In 1952, the French neurosurgeon Franc D. Ingraham pioneered the use of cortisone in postoperative neurosurgical patients [87] . In the1960's, French and Galicich were key in the investigation of the use of dexamethasone, which is currently the steroid of choice for today's brain tumors [88] . Compared to other steroids such as cortisone, dexamethasone was favorable for its lower index of sodium and water retention [89] [90], a long half life of 36 -54 hours [91] and a decreased tendency to cause psychosis [90] .
Steroids are often given 1 -2 days prior to an elective surgical procedure to reduce cerebral edema and thereby improve clinical condition by the time of the craniotomy [89] . After surgery, patients are tapered to as low of a dose as possible. Unfortunately, there have been few prospective clinical trials to determine the optimal dose of dexamethasone in brain cancer patients [92] [93] .
Glucocorticoids such as dexamethasone suppress inflammation and edema through a number of mechanisms. Most inflammatory factors are regulated by increased gene transcriptions controlled by factors including nuclear factor-κB (NF-κB) and activator protein-1 (AP-1). Corticosteroids suppress inflammation by decreasing the expression of a wide range of cytokines, chemokines, adhesion molecules, inflammatory enzymes and receptors [94] . Glucocorticoids also have an immunosuppressive effect by promoting apoptosis of T lymphocytes [95] .
It is well known that malignant brain tumors result in the breakdown of the blood brain barrier (BBB). The blood brain barrier is a highly regulated neurovascular unit comprised of endothelial cells, pericytes (at the capillary level), vascular smooth muscle cells (at the arterial level), astrocytes, microglia and neurons [96] . Astrocytes produce a variety of factors to maintain the integrity of the BBB [97] . The role of pericytes include regulation of BBB permeability, regulation of cerebral blood flow, clearance of toxic cellular byproducts and play a major role in stabilizing the microvasculature within the brain [96] . When a brain tumor occurs, the deficiency of normal astrocytes and pericyte coverage contribute to the breakdown. Moreover, brain tumors secrete vascular endothelial growth factor (VEGF) which increases the permeability of vasculature [98] .
This breakdown of the BBB around brain tumors leads to the draining of fluid in the brain parenchyma within the extracelluar space, which occurs from openings in the interendothelial tight junctions, endothelial fenestrations and endothelial pincocytosis [99] [100] . Corticosteroids such as dexamethasone has been shown to reduce the permeability of this broken barrier [100] [101], partly through increased expression of components of tight junctions [102] .
Despite the benefits, steroids are well known for their significant side effects. These include electrolyte disturbances, obesity, water retention, hirsutism, impaired wound healing, hypertension, immunosuppression, glucose intolerance, gastrointestinal bleeding, small bowel perforation, pancreatitis, increased appetite, cataracts, glaucoma, osteoporosis, neuropathy, myopathy, anxiety and psychosis, among others [103] [104] . Another issue with steroids is they may decrease the effectiveness of chemotherapy. Dexamethasone has been shown in vitro to inhibit apoptosis of glioblastoma cells treated with temozolomide through the induction of expression of the anti-apoptotic proteins Bcl-2 and Bcl-xL [105] . Steroids can also increase the metabolism of chemotherapy through the induction of the P450 system [106] , thereby decreasing efficiency of treatment. The use of corticosteroids also requires prophylaxis from Pneumocystis pneu-monia [107] [108] and stomach ulcers, which will be touched upon later.
Given the side effects, it is important to taper steroids to the lowest possible dose. It is so important that there are studies suggesting increased survival with a successful steroid taper [109] [110] ; steroid dependence in WHO grade III and IV tumors that were steroid-dependent had a relative death risk of 1.9 [110] . Unfortunately, there is limited data regarding a standardized approach. Patients with a Karnofsky performance scale of 90 -100 were found more likely to have a successful taper and the most common cause of taper failure was headache [104] . In this study, steroid taper during radiotherapy (RT) was associated with steroid taper failure.
Tapering patients off of steroids requires close monitoring of symptoms. For a patient in good clinical condition, decreasing the steroid dose by 50% every 4 days can be adequate. During this process it is important to look for deterioration of the patient's condition. Should they perform poorly, returning to the prior dose and attempt tapering with a 25% decrease every 8 days is one common approach [111] . In the authors' clinical experience, it is recommend to dose patients twice daily with dexamethasone, and to take their first dose with breakfast and the second dose at lunch, rather than in the evening. By doing this, patients report better quality sleep and decreased night time urinary frequency.
Withdrawal from steroids is dependent on the dose used, the duration of treatment and the time taken to taper off of medication. Symptoms to look for include increased lethargy, low-grade fever, myalgias and arthalgias and signs of adrenal insufficiency, such as hypotension and skin pigmentation [112] . Signs of increased intracranial pressure (ICP) should also be watched for. These include papilledema, occipital headache worsening in the morning, nausea, vomiting, abnormal eye movement and impaired consciousness [111] .
With all of these side effects, a careful approach is required while weighing the benefits and disadvantages of the dosage of steroids used. Like most medications, the frequency and severity of these side effects increased with dosages and treatment duration.
It is recommended to use the lowest possible dose and to increase it when the patient becomes symptomatic from brain swelling.
Bevacizumab
Bevacizumab is a humanized monoclonal antibody that targets vascular endothelial growth factor A (VEGF-a). There have been two major recent trials, the Avastin in Glioblastoma (AVAglio) trial [73] , based in the Europe, and the Radiation Therapy Oncology Group (RTOG) 0825 trial [113] , based in United States. Both of these were randomized, double-blind, placebo-controlled trials. In both studies, the overall survival was not improved. Interestingly, quality of life was preserved and progression-free survival was prolonged in the AVAGlio trial, but not in RTOG-0825. The safety of bevacizumab was considered acceptable, but there was an increased risk of hypertension, thromboembolic events, intestinal perforation, and neutropenia [73] [113] . These results do not support the use of bevacizumab as the standard of care, however, it can be used to suppress intractable edema and thereby reduce mass effect in patients [114] .
Agents under Investigation
Given the seemingly endless list of side effects associated with corticosteroid use, there have been investigations with other agents to reduce edema. Some of these agents currently being studied include cyclooxygenase-2 (COX-2) inhibitors [115] [116] and corticotrophin-releasing factor (CRF) [117] [118].
Seizure Prevention
Approximately 30% or more of brain tumor patients, including those with gliomas (all grades), have seizures at some point [106] [119] . Lower grade tumors tend to have a higher frequency of seizures [106] . Epileptic seizures are the presenting symptom in 30% -50% of all brain tumors [120] . Complications of treatment with prophylactic antiepileptic drugs (AEDs) include liver-dysfunction, dermatological symptoms, bonemarrow suppression and cognitive impairment [121] [122] .
The basis for treatment of brain tumor patients with prophylactic antiepileptic drugs (AEDs) is grounded in the practice parameter released in 2000 by the American Academy of Neurology [121] . It states that patients with newly diagnosed brain tumors and no seizure history should not receive routine prophylactic AEDs, and that these patients should be tapered off medication after the first postoperative week. This decision was based on a meta-analysis showing a seizure risk reduction of at least 26%, but with the frequent, sometimes serious side effects of medication. On average, around 24% of patients on AEDs had a severe enough reaction to quit treatment or switch medications. A limitation of this study is that it was conducted before leviracetam, the commonplace AED of choice, was available. By using AEDs within the first week after brain surgery, the incidences of seizures are reduced by 40% -50% [123] . This study also found no benefit with long term use.
When faced with a brain tumor patient with seizures, there are several options for medication ( Table 2 ). Levetiracetam is currently the preferred AED for treating brain tumor patients since it is both effective and does not induce the P450 system [122] . It is a 2nd generation anti-epileptic drug that has a unique mechanism of action where it binds to synaptic vesicle protein 2A (SV2A) and acts as an inhibitor of synaptic vesicle Lacosamide Vimpat UCB (Union chimiquebelge) [219] exocytosis, thereby decreasing presynaptic neuro-transmitter release [124] . A prospective study over a 3 year period found that 91% of patients were seizure free with monotherapy of levetiracetam [106] . Leviracetam has been reported to cause irritability in some patients [125] - [127] . It has been observed at our institution that supplementation with 50 mg of pyridoxine can help with this issue. Although preliminary, there has been data supporting supplementation with pyridoxine in children [128] . Of note, leviracetam has the added benefit of enhancing the effects of temozolomide [122] [129] . It has been shown to increase expression of histone deacetylase 1 (HDAC1) to ultimately silence methylguanine-DNA-methyltransferase (MGMT) [122] .
Older AEDs such as phenytoin and carbamazepine unfavorably induce the P450 system [130] ( Table 2) . Phenytoin is especially more difficult to manage in conjunction with other medications. For example, co-administration with dexamethasone can increase or decrease levels of phenytoin. This means that careful monitoring is required to prevent seizures and to prevent phenytoin toxicity which can mimic tumor progression, namely with symptoms of nystagmus, ataxia and somnolence [131] . Additionally, phenytoin can induce liver enzymes such as the CYP3A4 system to cut in half the plasma half-life of dexamethasone and increase the clearance of cortisol [131] - [133] . It is therefore apparent that patients on both dexamethasone and phenytoin require careful monitoring, especially during tapering.
The U.S. Food and Drug Administration (FDA) delivered the statement in 2008 that AEDs may increase the risk of suicidal ideation [134] . The International League Against Epilepsy (ILAE) appointed a task force under the Commission on Neuropsychobiology to address and establish guidelines for the treatment of patients requiring AEDs with epilepsy psychiatric issues. In 2013, the Task Force found that the suicide risk with use is very low, and that stopping or refusing AEDs is significantly more dangerous and may result in death. It is also recommended that patients beginning to use or switching AEDs inform their physician of suicidal ideation or change in mood [135] .
Although the parameter released by the American Academy of Neurology is at the time of this writing 16 years old, it remains the standard by which we manage AEDs are managed in brain tumor patients. This, and careful evaluation of patients during follow-up appointment, are the key to minimizing seizures.
Gastrointestinal Considerations
Glioma patients treated with corticosteroid are typically also treated prophylactically with H2 antagonists such as rantidine and famotidine [99] . Corticosteroids, especially when used in conjunction with nonsteroidal anti-inflammatory drugs (NSAIDs) [136] , increase the risk of gastrointestinal complications such as gastritis or peptic ulcer disease [137] . H 2 antagonists such rantidine and famotidine are used as prophylaxis against gastric ulcers. This is a rare event [138] with some studies suggesting no significant association with ulcer development and treatment with steroids [139] [140] . There have been no prospective studies showing that therapeutic doses of steroids cause ulcers. This is likely because of the low occurrence of this condition and difficulty in pa-tient recruitment. Anticoagulation therapy [141] along with a history of peptic ulcer disease is other factors that can increase the likelihood of gastrointestinal bleeding.
Prophylactic therapy is probably unnecessary for most patients unless they are at a high risk for developing peptic ulceration (i.e., previous peptic ulcer disease, concurrent anticoagulation, NSAID therapy). When NSAIDs are necessary, use of a selective COX-2 inhibitor may reduce the risk of gastrointestinal complications [142] .
Antiemetics are required for glioblastoma patients on chemotherapy. Inadequately controlled emesis can negatively affect quality of life and compromise adherence to treatment [143] [144] . The major mechanism of chemotherapy-induced nausea is believed to originate at the small intestine [145] . Chemotherapy generates free radicals that induce enterochromaffin cells to release 5-hydroxytryptamine (5-HT) which then binds 5-hydroxytryptamine 3 receptors to the wall of the intestine. This signal is relayed via vagal afferent fibers to the nucleus tractussolitarius and area postrema in the brain stem to produce the sensation of nausea and induce vomiting. Both of these areas within the central nervous system also contain 5-HT 3 receptors. Chemo therapy may also stimulate the area postrema directly since the blood brain barrier in this region is relatively permeable [145] . Antagonists of 5-HT 3 receptors such as ondansetron and metoclopramide are currently the most effective antiemetic class for chemotherapyinduced nausea and vomiting [145] and are useful for nausea prophylaxis in glioblastoma patients [7] . Synthetic cannabinoids such as nabilone and dronabinol have also been used successfully to treat nausea and vomiting from chemotherapy in cancer patients [146] [147] and may act as a useful adjunct for intractable nausea. Besides controlling brain tumor associated edema, steroids have been shown to help nausea both as a single agent [148] [149] and synergistically with 5-HT 3 receptor antagonists [150] [151] .
Since brain tumor patients are often treated with corticosteroids, they tend to experience appetite stimulation [152] and subsequent weight gain. If these patients require anti-epileptics, lamotrigine, topiramate and zonisamide can be considered as alternative for weight loss [153] . For patients who need to gain weight and appetite stimulation, phenytoin, valproic acid and carbamazepine [154] and synthetic cannabinoids [155] can be considered.
Myopathy
Glioma patients frequently suffer from decreased motility and fatigue. Combined with steroids, it becomes a difficult situation involving muscular atrophy from disuse, superimposed with steroid myopathy. Steroid myopathy affects up to 10% of primary brain tumor patients [156] [157] . This most commonly occurs the ninth and twelfth weeks of treatment [156] .
Some strategies to combat this include sufficient protein intake [158] and exercise including physical therapy [159] [160] , which have been used to preserve muscle composition and strength. There is also evidence that alternatively using glucocorticoids that fall within the nonfluorinated group, including hydrocortisone and prednisone, lead to less atrophy and greater retention of muscle strength [161] [162] . It would be a logical choice to try these steroids in a patient with myopathy needing long term steroids.
Infection Prophylaxis
Glioblastoma patients are at risk of infection due toimmunosuppression from chronic steroid use and therapy with temozolomide or other chemotherapies. Because of these treatments, glioblastoma patients require prophylaxis from fungal pneumonia caused by Pneumocystis jirovecii (previously known as Pneumocystis carinii) [7] [107] [108] [163] . Patients with the presentation of pneumonia should be investigated carefully, as Pneumocystis pneumonia is known to develop into an acute respiratory distress syndrome-like process (ARDS) like process [164] .
From the authors' experience, one monthly dose of inhaled pentamidine is the preferred agent, as trimethoprim-sulfamethoxazole, although shown to be more effective, has a much higher frequency of adverse reactions. This is because it is absorbed systemically, while aerosolized pentamidine coats the inside of the lungs, and is hardly absorbed by the body [165] [166].
Osteoporosis
As discussed earlier, a GBM patient's physical activity is frequently hindered by reduced motility and fatigue. As a result, the bones in the body will follow Wolff's Law and develop decreased density from disuse [167] . Compounding this issue is corticosteroid use, which reduces bone density through several processes. Corticosteroid use leads to decreased sex hormones, calcium absorption and subsequent secondary hyperparathyroidism, decreased insulin-like growth factor-1 (IGF-1) and suppresses the ability of osteoblasts to synthesize boney matrix [168] . This is especially troubling since more than 90 percent of glioblastoma patients are advanced in age, with a mean age of 62 years [1] . As a preventive measure, bone mass can be maintained with physical therapy and exercise [167] . Supplementation with vitamin D, calcium, and bisphosphonates can also be utilized [169] .
Psychiatric/Psychological
Glioblastoma patients have many overlapping issues that may affect their psychological wellbeing. Patients face a dismal reality of poor prognosis and infiltration of brain parenchyma by the cancer itself and neurological surgery can disrupt neuronal circuits vital to emotion [170] . Furthermore, increased intracranial pressure, radiation and chemotherapies have deleterious neuropsychiatric effects [171] - [173] . Chronic steroid use to control brain edema adds another layer of to the complexity with side effects commonly causing irritability, insomnia and anxiety [174] .
Neurocognitive Assessment
Neurocognitive testing before and after treatment is important in the evaluation of glioblastoma patients. These evaluations typically address the ability of patients in top-ics such as information processing, psychomotor function, attention, verbal memory, working memory and executive function. With gliomas, this evaluation must take into account a myriad of influencing factors that affect the exam such treatment with neurosurgery, radiotherapy, chemotherapy, antiepileptics, steroids, as well as tumor-related epilepsy, age and psychological stress [175] . This battery of testing has been shown to predict survival in older populations of newly diagnosed patients [176] . Notably in one study, a decline in cognitive function predicted tumor recurrence nearly a month in advance of evidence in magnetic resonance imaging [177] . The information gained from neurological testing therefore is useful in directing rehabilitation therapy and in weighing the risks and benefits of treatments.
Compared to most other cancers, glioblastomas possess the unique challenge of affecting the brain, and therefore causes various cognitive deficits in areas such as executive function, memory and attention [178] [179] . In one study comparing patients with gliomas, patients with non-small cell lung cancer (NSCLC) and a healthy control group, glioma patients were more likely to have impaired social functioning. Impaired visual and motor functioning and seizures due to tumor burden also affect cognitive performance in glioma patients [179] .
Cognitive therapy has been shown to benefit patients with glioblastomas [2] . In a randomized controlled trial, cognitive rehabilitation has been shown to have a salutary effect on short term cognitive complaints and on longer term cognitive performance and mental fatigue [178] . In another study, 60% of patients improved after therapy. Interestingly, younger patients and those with higher education were more likely to benefit. This finding was thought to reflect the brain reserve theory [180] . First described by Katzman et al. in 1988 in regard to Alzheimer patients [181] , the brain reserve theory states that those who are younger and more educated may have a greater reserve of neurons which allows them to compensate for disease processes affecting the brain [182] .
Psychiatric Pharmaceutical Considerations
A discrepancy between the rates of depression reported by physicians and patients was found in the Glioma Outcomes Project. In this study, 93% of patients reported symptoms consistent with depression in the early postoperative period, while physicians reported depression in only 15% of patients. This discrepancy reflects the need for a new metric system when evaluating patients for depression. Brain tumor patients with depression have a reduced quality of life, higher mortality [183] , increased cognitive impairment [184] and decreased overall survival [185] . In addition to seizure prophylaxis, AEDs are also use for pain control, appetite stimulation and a myriad of psychiatric disorders such as impulse control disorders, personality disorders and bipolar disorder [154] . As described earlier, a caveat is that many of them increase the metabolism of chemotherapy and corticosteroid treatment through induction of the P450 system ( Table 2) .
As previously discussed, majority of brain tumor patients appear to have depressive symptoms [173] . Unfortunately, the side effects of antidepressants, which include fatigue [186] , cognitive impairment [187] and decreased seizures threshold [188] , are innately found in brain tumor patients. We must tread carefully with the therapeutic options available. Serotonin reuptake inhibitors (SSRIs) and serotonin-norepinephrine reuptake inhibitors (SNRIs) have been used successfully with only modest side effects [99] , and do not cause as much cognitive dysfunction as compared to tricyclic antidepressants (TCAs) [187] . It is important to keep in mind that the classic AEDs such as phenytoin, carbamazepine and valproic acid can increase the metabolism of antidepressant and therefore should be avoided if possible. AEDs that are not metabolized by the liver, such as levetiracetam ( Table 2 ) are a better option for seizure prophylaxis [189] .
Brain tumor patients also have an increased incidence of anxiety and impulsive behavioral changes [79] [154] . Options to help patients with impulsive behavior include carbamazepine, valproic acid, lamotrigine [190] and oxcarbazepine [191] . For issues with anxiety, the calcium channel modulating drug pregabalin was shown to be more effective than alprazolam for anxiety symptoms at one week of use [192] . Also, leviracetam has also been shown to have anxiolytic properties [193] [194] . The gammaaminobu-tyric acid (GABA) reuptake inhibitor tiagabine has been shown to decrease symptoms of anxiety and improved sleep with the same efficiency as paroxetine in a 10
week trial [195] .
The combination of surgery, chemo and radiation therapy often leaves glioblastoma patients with chronic fatigue. In addition to encouraging physical activity [196] and cognitive therapy [178] , there are pharmaceutical options to help patients. Methylphenidate has been shown to improve cognition, mood and function of brain tumor patients [197] . Unfortunately, the wakefulness promoting drug modafinil [198] was not shown to increase energy or decrease depressive symptoms in a recent double-blinded crossover trial in glioma patients [199] . Interestingly, an herb, American ginseng, has been recently shown in a double-blinded control study to help cancer patients with general fatigue with no significant side effects [200] .
Pain
Up to 60% of all brain tumor patients report headaches [111] . This includes post-surgical headaches and a general chronic head discomfort. Instigating factors include meningeal irritation, radiation treatment and edema. Neuropathic pain can also occur with chemotherapy regimens [201] [202] . Carbamazepine, oxcarbazepine, valproic acid, lamotrigine, topmiramate, tiagabine, leviracetam, pregabalin and gabapentin have all been described for use in both migraine prophylaxis and neuropathic pain [203] . As discussed before, since brain tumor patients are often on chemotherapy and corticosteroids, it would be prudent to use medications that do not induce the liver (Table 2) , such as leviracetam, pregabalin and gabapentin [154] .
Summarized Approach to Management
Initially, glioblastoma patients should be discussed at a neuro-oncology tumor board for a multidisciplinary approach by physicians, including enrollment in clinical trials.
At a minimum, a biopsy will be pursued to confirm the diagnosis. Removal of as much tumor as possible is performed at the discretion of the neurosurgeon, and an MRI of the brain is then obtained 48 to 72 hours after surgery. Tissue from the surgery is sent to a neuropathologist for histological evaluation and molecular analysis to guide treatment and prognostication.
Two to four weeks after surgery, unless contraindicated, most patients will begin standard therapy with the "Stupp protocol" [7] receiving external-beam radiation for 60
Gy in 30 fractions five days a week with concurrent temozolomide 75 mg/m 2 /day orally on days 1 -42. When this phase of treatment is completed, there is a 28-day break followed by an MRI to monitor response. The next phase of the protocol requires a larger dose of temozolomide at 150 -200 mg/m 2 /day orally on days 1 -5, every 28 days, for a total of six cycles. The first cycle is initiated at 150 mg/m 2 /day and blood counts are drawn on days 21 and 28. If on both occasions the platelet count is greater than 100 × 10 9 /L and the absolute neutrophil count is greater than 1.5 × 10 9 /L, cycles 2 -6 of temozolomide are given at an increased dose of 200 mg/m 2 daily for five out of seven days per week. Further cycles require blood counts to be obtained just before the initiation of the subsequent cycle of chemotherapy. Additional blood counts are not obtained during cycles 2 -6 unless the patient develops a fever of 100.5 degrees Fahrenheit or
greater. An MRI will be obtained at cycles 3 and 5, and every two months thereafter through the first year after completion of chemotherapy. After the first year, the MRI interval can be increased to every three months, and then during the third year extended to every 4 months if there is no evidence of progression.
There is currently no official consensus on standard care for secondary treatments of GBM patients. When progression is found, patients are managed at the discretion of the treatment team. This may include a combination of additional surgery, radiotherapy and additional chemotherapies. It is reasonable to discuss clinical trials at this point.
From the authors' experience, bevacizumab can be used to decrease symptomatic mass effect from vasogenic edema (indicated by significant amounts of contrast enhancement on MRI imaging [204] ) in cases where the tumor has progressed after second or third line treatments. Symptomatic mass effect can also be treated medically with the lowest possible dose of the corticosteroid dexamethasone to minimize the multitude of related side effects described earlier. Lymphocyte counts should be followed on a regular basis while receiving treatments and pneumocystis prophylaxis should be pursued with agents such as pentamidine or trimethoprim-sulfamethoxazole if the lymphocyte counts are found persistently low [165] [166] .
A baseline neuropsychological evaluation should be performed as early as reasonably possible upon diagnosis of GBM for monitoring changes in cognition that could result from treatments or tumor burden. If seizure activity is suspected, an electroencephalogram can be considered for confirmation. For most GBM patients with seizures, levetiracetam is the preferred initial antiepileptic drug based on its excellent safety profile with minimal drug interactions [205] . Patients with seizures that are difficult to control should be referred to an epileptologist for further management and recommendations.
Early in care, a referral is placed to a physician specializing in physical medicine and rehabilitation to address related deficits and maintain independence.
Throughout the course of this disease, patients as well as their family members undergo immense stress from declining health, loss of independence, as well as financial burden from job loss and medical costs. The psychological health of the patient and family should be screened at all clinic visits with resources including counseling, social work, support groups, respite care and psychiatric treatment offered on an as needed basis. Unfortunately the majority of GBM patients will have tumor progression despite treatment. The patient's personal wishes regarding hospice care and other concerns should be pursued with assistance of palliative care specialists. These topics should be explored as early as possible in the disease process, when the patient is more able to make difficult decisions.
Conclusion
Glioblastomas are among the most devastating of cancers, presenting with unique challenges affecting the quality of life of patients. The three most common causes of hospital admission for glioblastoma patients at the end of their life were, in decreasing order of frequency, immobility causing difficulty in home care, clinical deterioration and seizures [206] . Early palliative care and advanced-care planning can improve symptom control and quality of life for brain tumor patients [207] - [209] . In addition, early palliative care has been shown to improve the survival outcome of metastatic cancer patients by three months, attributed to improved symptom control, mood and overall quality of life [210] . These principles can be applied by close collaboration between members of the neuro-oncology team, with an emphasis of early symptom management as described by this review, including early integration of palliative care. With this approach, the optimization of the quality of life of glioblastoma patients can be achieved.
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